The aim of this research was to investigate the effect of vibration applications on muscle strength and balance. As the subjects to the research, nineteen male sport science students (age: 21.45±2.16 years, height: 177.55±7.24 cm, body mass: 71.62±11.02 kg) voluntarily participated in the study. The students were exposed to vibration in squat exercise position before they were exposed to vibration at 25Hz, 50Hz frequency and control (no-vibration) on three different application days. Before and after the vibration exposure, jump tests and balance tests were administered right after the 5 th , 10 th and 15 th min in the wake of the vibration. A statistically significant difference was found in active and squat jump heights administered following the 25Hz and 50 Hz frequency applications (p≤0.05). No significant differences were found in the jump heights in control group (p>0.05). While there was no significant difference found in balance tests performed after 25Hz and 50Hz vibration applications (p>0.05), a significant difference was found after the control application (p≤0.05). As a result, there was an increase in jump heights following the acute vibration application however, no change was seen in balance scores. Practicing acute vibration applications can be recommended to increase jump height especially before the competitions and applications.
Introduction
Vibration is defined as a mechanical and sinusoidal phenomenon whereby oscillations are produced by an object moving periodically according to its stationary position (Kin Işler, 2007) . As for whole body vibration, it is applied for the improvement of sportive performance by transferring the mechanical energy generated out of vibrations to the whole human body (Hagberg et al., 2006; Ricky et al., 2011) .
The first instances of the use of vibration application in the field of sports took place in Russia in 1980 and so far, numerous studies have been carried out in relation to its acute and chronical effects. The biggest improvement accompanied by the acute effects was seen in untrained groups (Wilcock et al., 2009) and was generally applied in order to prevent muscular exhaustion before the application (Rhea & Kenn, 2009 ). While, up until the start of mid-1990s, vibration was predominantly used to enhance muscular strength during weight applications, it was subsequently used for the improvement of balance and movement functions, the prevention of osteoporosis by increasing bone density, the regulation of muscular tonus and in many other fields (Liao et al., 2014 ).
When exposed to muscle or tendon, vibration produces a reflex muscle contraction. This reflex contraction is called as tonic vibration reflex (TVR) (Apple et al., 2010; Krol et al., 2011; Torvinen et al., 2002a) . It was stated that the tonic contraction combined with strength training can enhance the maximal voluntary contraction in the muscle and that this enhancement is caused by the ignition of motor unit synchronization as well as the previously inactive motor units (Latash, 1998; Issurin & Tenenbaum, 1999; Mester et al., 2005; Apple et al., 2010; Krol et al., repetitions produced per second and force which is provided by the acceleration generated during the vibration (Cardinale & Bosco, 2003; Mansfeld, 2004; Tok, 2007; Bogaerts et al., 2007; Cochrane, 2011) . Amplitude is defined as the distance or extent of the vibrational motion; frequency is the number of repetitions of this motion within a specific time and force is the acceleration of the motion (Tok, 2007; Bogaerts et al., 2007; Cochrane, 2011) . A tolerance threshold is identified in order to demonstrate the potential effects of vibration application (Jordan et al., 2005) .
In vibration application, low frequency is designated as 8 Hz (Silva et al., 2008) , medium frequency as 30-35 Hz (Rhea & Kenn, 2009 ) and high frequency as 50Hz (Bedient et al., 2009) or 65 Hz (Luo et al., 2009 ), whereas, Wilcock et al. (2009 accepted 30 Hz frequency as the optimum level for maximal strength training.
Vibration Application
The use of vibration as a means of performance enhancement is called as vibration stimulation (Issurin, Liebermann, & Tennenbaum, 1994) , vibration exercise or vibration application (Cardinale & Wakeling, 2005; Jordan et al., 2005; Rehn et al., 2007; Cheng et al., 2012; Hortabagyi et al., 2015) .
In addition to the studies conducted on the effects of vibration applications on strength (Cormie et al., 2006; Tillaar, 2006; Roelants et al., 2006; Annino et al., 2007; Silva et al., 2008; Rhea & Kenn, 2009) , there are also studies on the fact that strength trainings done on a regular basis leaded to a significant increase in static and dynamic balance, as well (Mattacola & Lloyd, 1997; Hansen et al., 2000; Felicetti et al., 2004; Erkmen et al., 2007; Vrbanic et al., 2007; Filippini et al., 2008) . Besides, there are also studies that do not support performance enhancement such as jumping, speed, agility, strength etc. (Cochrane & Hawke, 2007; Ronnestad, 2009 ). The aim of this research was to investigate the effect of vibration applications on muscle strength and balance.
Methods

Subjects
Twenty-five male students of Faculty of Sport Sciences, aged between 18-24, who have not sustained any kind of injury in the past year participated in the study as voluntary subjects. Six subjects withdrew from the study at their own request, and the study was completed with 19 subjects. The descriptive statistics of the subjects are presented in Table 1 . Prior to study, the subjects were informed by the researcher of the measurements and tests to be administered to the subjects, hence directing their attention to the study. 
Research Procedure
The vibration loading was conducted in a high vertical transposition, on three plates and mostly in vertical vibrations (4mm). The students were exposed to vibration on the vibration plate (Power Plate, pro5, AIRdaptive, London, UK) in a standing position while feet open shoulder-wide and slightly leaning forward, at a 25Hz frequency on the 1 st day of application, at 50Hz frequency on the 2 nd day and without any vibration (control) on the 3 rd day at 110 o knee angle in squat exercise position. In control, participants used the vibration platform in the same manner as whole body vibration, except that they received no vibration application (0 Hz, 0mm). All exercises were performed in a way to provide 60-s of active vibration application. Before and after the vibration exposure, jump tests (Lamont et al., 2010; Dallas et al., 2014; Wallmann et al., 2019) and balance tests were administered right after the 5 th , 10 th and 15 th min in the wake of the vibration. On an introductory basis, the subjects underwent all tests and vibration applications carried out within one week before the tests and applications for trial purposes. Each subject underwent one test each day and these tests were performed at the same hours of the day for every student. Each test lasted approximately 20-min. Active and squat jump tests were used as jump tests, the jump heights of the students were measured by means of a digital wireless jumping device fastened around their waists. Double-leg balance scores were identified using kinaesthetic balancing device (SportKAT 4000-TS, LLC, Vista, CA, USA). Table 2 . Flowchart of experimental design 1 st day Anthropometric measurements 25Hz, 4mm, 60-s vibration application Counter-movement jump-Squat jump-Kinaesthetic balance ability tests (before-after-5 th , 10 th and 15 th min of vibration exposure) 72 hours 2 nd day 50Hz, 4mm, 60-s vibration application Counter-movement jump-Squat jump-Kinaesthetic balance ability tests (before-after-5 th , 10 th and 15 th min of vibration exposure) 72 hours 3 rd day Control 0Hz, 0mm, 60-s squat exercise position Counter-movement jump-Squat jump-Kinaesthetic balance ability (before-after-5 th , 10 th and 15 th min of application)
Anthropometric Measurements
The heights of the subjects participating in the study were measured using a stadiometer (Holtain, UK) having ±0.1mm sensitivity. The body mass of the subjects were measured in kg as they were standing in an anatomical position in bare foot with merely their shorts on using an electronic laboratory scale (Seca, Vogel, & Halke, Hamburg) having 0.1kg sensitivity. The average of both measurements performed in anthropometric measurements was taken. The body fat percentage, lean body mass, segmental fat and muscle distribution were performed through body composition analyser (Tanita MC180MA, Tanita, Japan)
Jump Tests
A jump measurement device system having a light mechanism and running also on a computer software, which is wireless and can also be fastened around the body with a waist belt, (Freejump, Sensorize, Rome, Italy) was used to take the measurement of jump height, jump time and hang time of the subjects during their squat and active jumps. A log of jump records of the subjects at 5 th -10 th and 15 th min of their jump before and after the treatments conducted by the subjects at different frequencies was kept.
Balance Tests
Having set the kinaesthetic balance device having a computer software and balance platform which can compare the barefoot double-leg static balance scores and perform left/right leg and anterior posterior comparison and test static and dynamic balance to 6psi as was stated by Schnurrer et al. (2007) ; the double-leg static balance of the subjects was tested and recorded as value-balance score (SportKAT 4000-TS, LLC, Vista, CA, USA). With an attempt to eliminate its effect on the balance, the subjects were made to fasten their arms in a crossed position in front of the chest. The pre-application and post-application balance scores at 5 th -10 th and 15 th min were recorded.
Data Analysis
SPSS 20 statistical program was used for statistical analysis of the data. According to the test of sphericity analysis of Skewness-Kurtosis and Mauchly, it was seen that the data were normally distributed and there were no extreme values according to the graphs. After calculating the mean and standard deviations of all data obtained from the subjects, Repeated Measures Anova test was performed to determine whether body composition, jump and balance parameters differed or not. Significance level was accepted as p≤0.05. Table 3 shows that mean and standart deviations values of the tests for different vibration frequencies and different test times. A statistically significant difference was found in active and squat jump heights administered following the 25Hz and 50 Hz frequency applications (p≤0.05). No significant differences were found in the jump heights in control group (p>0.05). While there was no significant difference found in balance tests performed after 25Hz and 50Hz vibration applications (p>0.05), a significant difference was found after the control application (p≤0.05). As a result, there was an increase in jump heights following the acute vibration application however, no change was seen in balance scores.
Results
Discussion and Conclusions
In the study Yılmaz and Kin-Işler (2013) tried to determine the effect of acute whole-body vibration exposed at different frequencies on repeated sprint performance, 15 students from Department of Sport Sciences voluntarily participated in the study. The participants randomly participated in the repetitive sprint test following the whole body application performed at 30 Hz and 40 Hz frequencies and 4 mm amplitude without being exposed to vibration application. While the whole body vibration application was performed in half-squat position in 60-s, the participants, subsequent to a 60-s passive resting period, took the 12x20 m repeated sprint test at 20-s resting intervals. As a result of the study, the findings showed that whole body vibration acutely performed at different frequencies did not have an effect on repeated sprint performance. Aktuğ et al. (2019) compared the measurements of the vertical jump and agility in the athletes before performing any exercise on the low extremity, with the measurements after a vibration application was applied; and stated that, after the application, vertical jump and agility performance improved on a statistically significant level. The results of the study show similarity to our research in terms of jump heights. Kaçoğlu (2019) examined the effects of whole-body vibration (WBV) application on unilateral static balance. It was concluded that vibration application performed at 30Hz frequency, 2mm amplitude and in 2x60-s does not provide an adaptation that improves balance ability in healthy individuals. Kurt and Pekünlü (2015) investigated the effects of whole body vibration exercise targeting forearm, leg and trunk muscles. During whole body vibration intervention, four isometric exercises (4x60-s, 26Hz, 4mm) were performed. The result of the study stated that squat jump, trunk flexion and isometric leg strength performances were not affected by vibration application for well-trained combat athletes.
Thirty-three amateur male volunteers aged 18-25 participated in the study in which Şengur et al. (2018) investigated the effect of acute vibration application applied on lower extremity in football players on shooting velocity, shooting accuracy and agility performance. The participants were tested twice, one being without any exercise and the other being after the vibration application and it was determined that shooting velocity, accuracy and agility performance improved on a statistically significant level. Torvinen et al. (2002a Torvinen et al. ( , 2002b investigated the effects of a 4-min long vibration exercise on the balance performance of healthy individuals and stated that there was no change induced in the balance performance after 2 and 60-min.
In their research, Wang et al. (2014) investigated the effect of vibration and traditional exercise methods on the maximum contraction force of the quadriceps in 21 elite athletes. The vibration exercise performed at a frequency of 30 Hz and 4 mm amplitude for 4 weeks was combined with traditional strength trainings. An eccentric muscle strength and significant improvements in the sprint levels of the athletes were detected in the group where vibration was applied together with strength trainings compared to group performing the traditional strength applications only. Wyon et al. (2010) investigated the effect of vibration exercises on vertical jump height in 17 female dancers. There was a significant increase found in the vertical jump height of the dancers who were exposed to a vibration for 40-s at 35-40 Hz frequency for 4 weeks.
In another study, it was stated that an anterior increase in balance performance tested after acute vibration application (30Hz, 2mm) involving dynamic squat for rhythmic gymnasts (Despina et al., 2014) .
Acute vibration application of elite and amateur male football players (static squat 3x60sn, 40Hz, 4mm) was claimed to increase the balance and it was stated that this may be due to possible increase in flexibility (Cloak et al., 2016) .
The study conducted by Cormie et al (2006) found that acute vibration application increased jump height and suggested that acute vibration application applied to the whole body would be a good warm-up method to increase vertical jump height while the optimal dose amount being unclear. Bosco et al (1998) determined that 10 days of squat exercise performed on the vibration platform increased the jumping performance.
In the literature, there are studies on the acute and chronic exercises of whole body vibration which changes the jumping performance (Bosco et al., 1998; Rittweger et al., 2001; Cormie et al., 2006) . Mattacola and Lloyd (1997) determined that proprioceptive resistance applications can improve balance ability under dynamic test conditions. Iwamoto et al. (2012) found that the balance parameters of the body including standing on one foot and standing one after another showed a statistically significant increase after whole-body vibration application performed at a frequency of 20 Hz, for 4 min/day for 2 days a week for a period of 6 weeks.
The aim of this research was to investigate the effects of acute vibration application on active-squat jump and static double-leg balance. According to the results, there was an increase detected in the jump heights after the acute vibration application however, no change took place in balance scores.
In the current study, 25Hz and 50Hz frequencies and 4mm amplitude were limitations for vibration application. In the future studies, researchers can apply different frequencies and amplitudes.
Today, vibration exercises have been used in many areas such as local or whole body vibration. However, a standardization on the effects of vibration has not been established yet in the studies. The most important reason for this is that the most appropriate criteria for vibration have not been fully established yet. If the effects of vibration can be fully understood in future randomized controlled studies, it is predicted that vibration applications will be a very important alternative to be used instead of or along with traditional exercise.
Vibration applications can also be performed with static flexibility application (Epperson, 2009) , squat, deep squat, single-leg squat (Bogaerts et al., 2007) , isometric squat (Bosco et al., 1999) and multi-way squat exercises (Torvinen et al., 2002) .
However, due to the fact that a wide range of vibrations, frequencies, amplitudes and time ranges and different vibration application protocols are used, no middle ground has been found so far (Jordan et al., 2005; Krol et al., 2011) .
Studies show that vibration is performed acutely in time periods ranging between 5-s and 30 min and chronically from 10 days to 6 months. These results indicate that there is a need for more studies to determine the optimal vibration intensity and duration of exercise that will have positive effects on performance in relation to the effect of vibration on performance. As a result, the fact that acute vibration studies are common shows that there is absolute need for studied to be conducted on the effects of chronic vibration exercise on the performance of athletes. Just as the effects of long-term vibration application program on balance or athletic performance can be investigated, comparative analysis of different application parameters can be done in the future studies. https://doi.org/10.1519/00124278-200605000-00004 Dallas, G., Krialanis, P., & Mellos, V. (2014) . The acute effect of whole body vibration application on flexibility and explosive strength of young gymnasts. Biol Sport, 31 (3), 233-237. https://doi.org/10. 5604/20831862.1111852 Despina, T., George, D., George, T., Sotiris, P., George, K., Maria, R., & Stavros, K. (2014). Short-term effect of whole-body vibration application on balance, flexibility and lower limb explosive strength in elite rhythmic gymnasts. Human Movement Science, 33, 149-158. https://doi.org/10.1016/j.humov.2013.07.023
